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(57) Abstract: A display including a 
current drive circuit capable of supplying 
a desired current to a light-emitting 
element in each pixel stably and accurately 
irrespective of the characteristic variations 
of active elements in the pixel, thereby 
providing a high-definition image. Each 
pixel is composed of a receiving transistor 
(TFT3) for receiving a signal ourrent (Iw) 
from a data line (data) when a scanning 
line (scanA) is selected, a converting 
transistor (TFT1) for converting the 
current level of the received signal current 
(Iw) to a voltage level and holding the 
voltage level, and a driving transistor 
(TFT3) for nl lowing a drive current having 
a current level corresponding to the held 
voltage level to flow through light-emitting 
element (OLED). The converting thin film 
transistor (TFT1) generates the converted 

voltage level at its gale by allowing the signal current (Iw) through its channel, and a capacitor (C) holds the voltage level at the gate 
of the transistor (TFT1). The transistor (TFT2) allows the drive current having a current level corresponding to the voltage level 
held by the capacitor (C) to flow through the light-emitting element (OLED). 
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^OL ED©#t£*<iM.£ftfttf I d r v©*<DMtt£V*5-c: fcT?**o d©» 

iwtidrvosiiii, (6) rt©*5<c*>lini:lfc«BMiicr4tt6<i:i^ 

, iwrn^nmi (8) ttmtz-r idrv*<, 0LED*»n*e»* 

iJfctc#£ 0 (8) sCfcttVt h^*nt^/,i^c:t^^ Vth©tft>o£ ( 
MMW©M^«©«t>o#^>Kita ? h&©tf£o£) Kcfco'C Iwtldrv 
©§f##£££ft£;: tliftt^c: t#fc>*>£o -f V t h©li£o£KJ: 

€>*\ Bt^© I w£#§&ti-d ttcJ^T, HlrM© I d r v : t#-C££ 

"<TTFT 2 © Kl/W > • 7-Xfi8mEE#/J\<* < T$rtrfca6. {£^^m*fb^"T 
o f0lfl^KTl»§, (VSP) ^7 b U 

1 9 
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88B 2 3 iZAJ]£tl6 0 £S$!£l&[sJS&A2 1, iiSllffit&lII&B 2 3 liVS P 

II?o,? (VCKA, VCKB) Kf^JK UT<eneM# 1 ©*£ 
&&Ls c a n A 1 — s c a n AN, &2©^2:*Sls canBl~scanBN£ 
mftmft-fZo #f-^da t a(c*fE£:bTS^CS^T r -^iaK©llIK2 

t5o fcf;U VCKAIt VCKBICfcfU Mte®& 2 4 C «fc 

1 cDi£2if8s c a n Alc$fc£-sT#8JRfcfc*o 

H8ttH5©®3RIII»©*^«'C*<5o C©®8&li. 0 5 Kfctt3TFT2£ 
„ TFT 2 afcTFT2b©2o©h7>^X^*fi»ll»ceia|L/sy^y-h 
fflft&U *fcB5C*Jtf«TFT4^ TFT4 atTFT4 b © 2 o© h v 

yi?z.?&mmzmtSciste?'7*' j f- bmmzbtc&o-c&Zo tft2 a tr 

FT2bMTFT4 a tT F T 4 b it-ttlZ'tl?- V ftX\,*Z<D 

s*s5i:ia-0 h^>^x^i:i^^©ii^u -e-©^0 8©®^®K 

©y-?li$*.£n<5^£T&£o 19 8 ©TFT 2 a t T F T 2 b ©«£ 9 ttfltl£ 
^©mu^© D D aft#&<tt5<b^9;< 'J y h££-f£ 0 ifcTFT4atTF 

2 0 
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®IS*«fiRU lo*fc|*2oJKJb©*Klh5>*:>** (TFT) limflStHlS&+ 

w#SSft£ h7>WTFT 1 UBkifi. »***OLEDK*ft***I d r 
v*mm-?ZZbfr®8CChZ» »»©H5K*b*:W*ia« , CI^ TFT 1 t 
TFT2©#tt (Vth<f»jutt£) ^5^i:Wi:^^ti^i^ iEWHw 
I* (6) 5$*<jaBfc#"*\ I wi I dr vfrJEmiz&ikmbtt^sit&&fr&51i^ 
BB9©W*H»T?ttc:©J:^ttM«*<aHittC&l5ttV>. 0 9 ©mHNfMU T 
FT 1 ©flu 9 1 <DM&fos c a n A©#J©(= J: oTM?St®& fc-r-^i&d a t 
a £J£& t < «&Wr f S h5>^X^TFT3. f 2 OtSS s canBO 

^^TFT4, TFTl©^-b ■ V-*IBMtE**#i&#l*7fcfc#fW"*fc 
*CI±. ^©~^r©jiS^TFT 1 ©y- MrJg&Sn, te#©«m*GND ( 

igii&mft) ngsis&ttT^**^ gnd iris s>-r 

ffOLED©7;-F (mm) Mu ^^#(4-eB2^:^nfcTy- K^Atc^ 

i^ftltv^o TFT3liPM0S> -eoftis© h 5 V^^liNMO S-ef8fi£L 

JK±©<fc?K*IIJffi^treii. H$Iiltt©KA$t*, «*SPt©WCK*ffl* 
Jgh5>i?x^TFT 1 ^^SIKKr^fflUT^So B|J-£. ^fi&SBI*. 
I w©^m^7Lfc^SlfflSJlh7>^X^TFT 1 *$ASB^e»«It)«L/ 
T&Slffi£:U ^^tlfcSEEU^^^glffl^hvV^X^TFT 1 Of— 

2 1 
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mmt> mmmzmizm&Rmm b ? y v** t f t i bxmitm+o l e 

&&m~\*& 1 ©j£3£$s canA, !&2©j£2E$s c a nB^SMIttS 
o 0 1 OOmXit, m 1 ©jtSilis c anA*i£P^k $2©?£S&s can 
B^U^tUl^, ccex-^&da t atC*««Iw©**»CS* 

OLED©Ty- K&AI*&ft^OLED#o f f tt«tttS <fc 9 Kttl/"** 

(0dx.tfGND^uitmtio at*j( a cncj:t)> tftikwwii 

w#«6tt*o TFTl©?-r • KI/-fyW«TFT4KJ:- 9 T** 

KHrs&snT^*©-? (5) 3&wfcfcu tft i [*f&fo«:#-ei&fFf *<» ft 
<e©y-r • v-^hkm: (3) at4^6n«SEVgs*<tr5. & 

C*l©3taE»s canA, $2 0tS»s canB^lMttS, 
<(i, *f*2©itaE»s c anB*ffi^tltTFT4*o f ftk&t? 
2> 0 cma^TTFTltUfcVgsMICCft^tlS, 1 ©ti 

ms c anA^U^tltTFT3^o f f ttHBt^S d tJ~ X *K H?ff® 
Btf-^id a t a t*<aa«Ui*BfSti*©"C. *©&(ix-*ISid a t a 

mffilwtVxmte-fZT-?^ ^ 2 O^ISi s c anB##SKfcfc*»*& 

*©&i*ffi£©ifi («^.i*R©is*©»*a*7 s 

fc^ntfi^, tt^T, Ty-FiA^^Wo TFT 1 ©V g 
slllPiCi:J:oTftft$ftt^«©'e, TFT 1 frtmmtixWiftLX^tltt 
. TFT 1 %tiitl2>mm\± (3) :£© I wC-SU CftTWS, Igft^POL 
ED£«n<5«ft*8fcI dr vfcftS, o£ OflWIifc I w^aWfettPO L E D 
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ommmM Idrv fc-Sirf So TFT 1 *taft««1?ift$*«i:it *** 
■?OLED-CcDmE^T^mbTfel^ (5) +£ttIESifc 

7V - Kit lift < . 36**?0 L E D©7;- Kli— 3£©jE£{4V d d 
tiTV>*—^ TFTlOKl/-f>t*** : f0LEDO*V-K (US) to 
(ffllCPf-**^^ V^X^TFTB^ffA^ntl^o TFT5©y- His 
j£S&i|iftT@2ia£ftfcffii&i&d r vtW^ns, TFT5£J$A-f SBtti* 
% 5=-^§§&#.|$(;:®i&&d rv^iH/^iUTFTB^o f f tfeJ&tb 
. ff«»Iw?&<»**-?0LED*^LTilEn*O*IBih"r*c:tT*5o * 
£&#5W7bfc&> drv*ffi^tUTFT5^ontt!StU S&ftlt 
-fOLEDC&l&mSSn drv*»t, Cfta^©»ftttH 9 ©EIKfclf ITC* 

So 

*m\mftm*o led tg^cs^^n/cT f t 5 zis^ t f t 5 

o £Mts can tfffCUl^iiid r v£:fr bTffi-j£3£& 

±©#®^^^*tl5TFT 5 CDY- MC-5-X.£ft6o ^MTlis ISft^OL 
EDtTFTl fc©|fflKTFT5 7W$A£ftTfc9> TFT 5 ©y— h^tfc©©! 

^dtr «kn{i> &mm&%itt * ©i*f§«jfflHf <koTTFT5a<;t>bT^ 

3 F^K(iC©xa-f--f(CJt0!IUT^Yt:t-'So fi^T, TF T 5 ZMMbX* 
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^0LEDiOiCJfASn^jifflIlb7y^nFT5^^5o M« 
fflIHh7V^TFT5«, »*«HP 0 L B D 

oT«WBMh9>^TFTl «*»0LED t*«0»U B»* 
UTJMfetfFO LED £#&ft**&f::g < * 7 *B fc. MWkMIME** ^ 




S c b \z X *) ©Mo S£K£^J?S:£8B$rf *< «TiB"C* o, IRtt* 

1 2ti, i 9 i:^lfc®lIffi©»l©^-C*5 0 Bl TFT 1 

©KU-f yfc^^OLED©*y-Kfc©BfcTFT6##A3*U TFT 

6iD y_ h . Ki / >r>BirttTFT7*<tt**n, *©y-htt*2©^a£ifts 

c anBKJ^Tl&miSttTV^o TFT7©y-*fcGND«ttfc*>BCI*B 
ftgiC2«$ntl^o d©0B©W»^rSttB9©B*0B©»^fc* 

2 4 
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HOfl^scanA, 9 2 ©£2& s c a n B^IMttS fc> mm 
«Iw#TFTlRtfTFT6*«n*. pHTFT*. ?~ b • y-*H#*ft 
W T F T 4 » Cf T F T 7 C J: Tfi* * nx t > * ©Tf , tt» «C#T*»lfrf 6 , 
*fc*l©j««lscanA, »2©363B»s c a n B**»«tt»tf *o - 



ni:<k-?tifci:TFTl StfTFT 6 c£fcfcVg s#»*CRCflllBrg*C 2 

{i<ko-c-&n-en^^nso mt^io^mms c anA£o f fttSir-f & 
r y - KJ»A*Ku^ff*o tft i ©vg s ii**cir«kor«»*nr 

^£©T% TFTljMSWWTCl&ftl/t^ntf. TFTl^iin^mjjSli (3 
) S©Iwi:-StU cn3&<«t)^»**^OLEDH«n**»I drvt 

o 

TFT 6©fFffl(Co^rra-rSo H9©B5RI3iS»w*jl>Tli> flTSB 

htzxo^ mm&m i wtMfo led ®mMmmz&i~TF t i cj:-* 

Tife**©"^ (3) 5k (4) 5£<i:t> I w= I d r vt*ofc, fcrtfU -ft 

ttTFT i £«Gn**«n ds^> iaw«*t-*>'^"c (i) s-c^^ns^ 

So Lfr*KS§5©r- VgsMt*ot^ VdsTO 
t>IIds^l<^2«W5, - ft l*> Vd s^(<c5:ti:J;oT 

S. V*fctf>*->a-hf- + **»**\ K I/* + 
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I d s=tf • Cox • W/L/ 2 (Vgs-Vth) 2 * (1 + A • V d s ) 
••• (9) 

0 ei 9 ©unrein #^ix^^i&^t-cv.ds^-^»tnii 

, Iwtldrv fctt— SttttV^o 

«M*©Kl/-f y*tt©^r^KV>#^ TFT6©Vds*>*£<#0> 

d s tt«*©#*«Mn«. »HM.n«Iw*!> I drvTO«E^tS 
#tt-»bttv\, t:^> l'drvttTFTl**n*©T, *©»^TFT 
l-C©«fl£»T3&«**<*^ *©KU-f>*tt(TFT60)7-X«tt) #-t 
#-f*P :<Oft»TFT60Vgsli^<4O, :niildrv*^<ti 
^CfWB-T*. TFTlOKK^ltt (TPT6®y-Xltt 

) tt**<«ft«c:fc*<r#-r, tft i Kttitfttf, 

« 

FT I. TFT6#CVd sUSt-r* I d sOftffttt^* <t*©*<Jl^ 
Tl, TFT6*(cy-h • Kl/W ylB^fi^^tlTV^©^ ##&£ft£l? 
lift $ # £ £ l*> SBft^ 0 L E D T©«E|5rF£#& UTfel^TFT 6 

£«-esift-f s £ , Ty-K»Aic+attMtt*#*ntf&ir\i <:'©*»»= 

^nii. »**^OLEDKl*n***Idrvtt. TFTOWttffeoiCJ: 

H9©**WJ:9IE*fcIwJ::--»-rs- H±©J:5 *w*«©W«tt. 

g&fflStlg h7V^X^TFTl tloTJSjt^O LED HHsftSKtt**© 
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U **«**<frr * fca6 II . it US h 5 > * X * T F T 1 © V - * £ 
*CbfcKl"f >©«tt*H*flrt-*«ttH*«t^- TFT 6, TFT 



HI L HI 2©H*tW». W»I w*<iin* r7>^^TFT 1 I 
^.0LED3&<TFTlOV-XlBH»«i$nr^*Ct3&<#ftt?**o BP*>> * 

a*wi«at*wfc«?oLED«-r. ww^oledi*. 7v-k»0* 

*«©B*llll8tt. TFT1©*> »l©^aE»s canAO«l»ll«koTlf 

2©t£2E&s c a n BOKiC J:oT«a*JM1»KTFT 14>y- F • Kl/ 
4 y*m&-T Z h7>^^TFT4, TFT 1 (D>f-hm.®.£. m%&&&T 
&*>&f*ir ZtztbO^mC, TFT 1 © KlxW y fc*»«ttV d d £©[fflH#A 
$n^P^ + ^^h5>> > X^TFT5. REWMHfrfOLEDfr&JSSo 01 

TFTl©Vgs*IiaHU*i:ft»t*. ffi> TFT 5 W- httBtt»d r 
vT$iJiI^n<5o TFT5£ffAlT£gfttS, f^i§«®»»drv 
*iSU^tLTTFT5*o f fttffltU <t#S«E I w^tTFT III 
fcT&So #&&#jWfc7Ufc«. dr.v*ftWt^TFT5*o 
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j£li0 1 1 ©088 t ffltifrV tb £ o 

1 4 it. m 1 3 K^LfcW*@l&©IHB«l"C**o 0 1 3 £0 1 4 
*«C 0 1 3TliGND. HMtttTFTlOV-XK 

>f >Rtf y-***««l ^ 5 > WTFT 2 tK iS£#&l^ 

in««EU^*T*P»**«E«B«M.T^* 0 ff*. TFT20V 

■r 

Jgh5>i?X:$'TFT2©Y- h££2©££&s c a n B KJ£&U/ciIfln££: 



IC« D**.T#»R fc-T *l&<- g*C 2 ©ftWCT FT 2 ©Y— h Stt^T 

s c a n Afc> H*£B»**fc*©W*W**^**^~** d a * a 

*#?OLEDt, j£2:l&s canAi:J:ot»Ill$niOT-^8d a t afr 
6#*6n/rffK««*W*C»*atr«a#R(TFTl. TFT 3, .C) k 

(TFT 2) #®^©WffitffR©§£&#t^ £SI&s c 
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n A##»R fc«i*WC#»^ LED »M» 

*titeifW»«ca?i5teii*rA«r*iM»^nK*oT, (tfti. 

TFT3, C) i:J:,T«*a*'nfc«a»«*TJMbtWll (TFT 
2) C«ft-r*P»« (C 2) 

FT 1 icfco-CjCft^nfcmEU^^MCKlHflrt-*^ &sc©-ig©s 
&£pgUT, TFT2©V- M£W»3tt*^**E^**"raW*1"*o 

ft 2 of — h ittaWffTf -5 fc fc-cfe * o «tt«*ft s 





- IKAVs, TFT 2 ©y-b 

„ *©ffe©l£££fi> *Cp*f*i:* TFT2 0f-m4liAVg=AVs 
*C/ (C + Cp) ttttttTU Vgs«<45. H. L«ttOlW«tl*ff 

* 

(01 8-C(iPMOS) bVX^Zo *bT*«t?tt, 0 1 8lw* 





15, 




8. 


1 



1 9\tm 1 8 K/Fbfcl 

1 7(C*Ufc0*tH«^ H-»I^-f^P^t**TFTfr 



1 1 
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x^TFT4oy-h«-en-enjitts^3S». w^an ©was canAS 
tizmm-rzm&a. mi 8©«©«cTFT8»tfTFT4*«©«*-e 

*Sfc»±©W*fc#««-*#*7*** 01 8 ©«"?«» s c 
anOK^t^, TFT 3 ©-Y > 

*ad a t a*tx»r*w«** < je B i**** t ^ ««*i**f5W*« 

JUMHfcLT, mi ScD^KTW&da t a#PNP h^SJXJB I P 

vjx9 1 b i p lommmmmzptt zt. i viow* 

*B I P niBtf«*»»t^"C»ffU f-^da t aKI±Iw=£ l b© 

yvx^^stx-^mom^^tTfft. h5>s?x^B i p i#m 

F 4*<o n««rt?*n«. C©^Uc^l(^TFT 1 C**U jMCBM© 

&oT> TFT3 tTFT4£glj4©Mil§L BP5<eften$ 1 ©t£JE& s c 
anA, »2©jfe»scanBCJ:oTlWU «&**T*K:ttTFT 3 
l«otTFT4^o f f tt»ff Sdi:a<J:D2£U\, *5BWtw«5H 

IKCfc^T(i> TFT3 fcTFT4li. Ltz&m® «fc 9 -f ^ 
T* S&Wifc < > TFT 3-fcTFT 4 t ttH-* fc(*H*£ -< t) 
„ -en-eno^-b^s c anAStfs c anBt^-58iJ*©j£2$K^"C#J 



3 0 
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SPU *tii**T^liTFT3C5fc^^TTFT4*<o f fM&tt&XS 
£/c. TFT 3. TFT4£*ft-e*l89©^£&s c a n A. scanBCi: 

TFT 1 oy— h • KU-f ^ &tfTFT2<DY- h^^^^fc^ TFT 
2©^- MffiliTFT 1 ©b^ffi (dtliiTFT 2©L#V^«tCB«»U^ 
) fcfctK TFT K TFT2*i:of f tfcflBtttS^bT&So 12©sca 
nB©«li> 02 0 (b) K^-f<*9K, ^AXtt©«ff«t*4ATfem^ 
U 02 0 (C) l^tscanB' ©Jt^ClMII5tt»«r»M«fcJl^ 

O 

tt«Bfti:«ft*«*-i^tt^**« R. G. B©a«lc*2 0?£aE*s c 
^ t^B^WIt*»fc^»^H 3&3fc83liB©*te (duty) *tt£-T 

£tz^ 0 5, 0 8. 0 9. 01 1—01 & TmLtzm&tmw^ 019©® 
tt-Ctt, *a»3»»h5>^^TFT3«IWB»»h5>^^TFTl * 

-f^tbtl^c fflittfgfcJfiSJ&S N 7 y V** TF T 1 
+ ***^©$<£> «taffl*Kh7>^X^TFT3-*Pf- + *^^-<^fcb 
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^i;on/o f f f**:«>©j£3£»s canA®i8^<4^ «»« 

2j tt £© jTC^RPJ C # 6 b S o 

tSoT. f-^bTFT3, TFTl*^L"CWt«ttCS*M®«K 
*T#*3^fc#«U\, Hi 9©«Wt?l*TFTl*<NM0S 

Tfc3©fc*fU TFT3^PMOS-C«lfiKbT. TFT 3 

#S*© t £ © T F T 3 » J 5 WE*T**3 < ^ * T* *. H 1 _ 9 ©«"C 

, *ttK#oTTFT3©y- r • 7-XH*E©lft#tt*>**U TFT 3© 
O^-^^lW^lMt So CftKSfU l/TFT 3^NM0S 

|Sre<&0. TFT3©^C>h 4 -y>X{i±^tTbtV\ <f-*&€tt©±#£ 
IH*^^. H»C TFTl*PM0STHl«Ufc«*ttTFT8ttNM0S 

S*<* ^b('-rst^l©^2t^s c anAti20t2is can 
B t**il©S&t?ffilllt J P'^l^i». J:92*U\, 

TFTl©ft*^fi(W) + (L) SJtW/L*HH«»ffllh9> 

»;x^TFT2c0W/L'J:»)**<K*bT^*A3& < Hl 9©H»tHtt*o - 
©J;?(rTFT 1 ©W/L*TFT20W/L«fcO*S<IW£*"*a*tt* ^£ 
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a*tt***fclA\ «k*WK2 0 0 [c d/m» K -■*Sfct>©**W 
©t^lOO [/cm] xl 0 0 Um] -le-8 Cm» 3 , »*»*2 [c 
d/A] fc-T«t. «*WK»©»**FOLED©W«*tt2 0 0 xle- 

8/2-l/cAfctt«. 6 4»P*««Uk5***^ «/h(wic*a-r*« 
C«W * c t tt®*>Tli Uv, Wt T F T 1 *-f v y > x<D*nWre» 

..2 1K*rJ:^C. TFT1©W/L=100/10, TFT2©W/L= 
5/2 0t-fttl*> W/L©tt*<4 0 fc.ttO. 1 BnAOOLEDMMM*** 
SfcftK^-^Uld a t aKft»-r^*»*a*«»» 1 6 n Ax 4 0 = 6 4 0 

T F T 1 F T 2 *<«»© h5>^^^ £fi5£^£te> *»WttW/L*# 
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<ec^ @2 2®®&Vtt. f-^tdatatillttGNDtOii:';- 
? ^LEK K H*(l«n:iiNMOSh7>^^^U VgtUli-S 

»**©«fl:*ffl<. CtiKtfU NMOS 

-efcJK-f £ C t T F T^d -trx t JiSiKSC^SUS&T^fiR-r ^ - fc "Ti^ 

data tmfe(»m.&t®®iz®mtiLWii£mm : J-PRc 1 «tt«u zom*® 



J 
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r 

O 

thl BUfciffU *©*«4»*a*««IwM*rt»©TFTOlfcftfc©'< 

o 

tz&m<t>®MtgtZ*), TFT 1 fcTPT2©«*^-f^*P^ + *^^^ ( 
PMOS) fcJ;*)»«LT^*. dttKflM^ «raUfcaft»:<kt)TFT3*T 
FT 1 fc^ttS^^^-Cfc-SN^**^*^ (NMOS) fcU ^^fJffll 
&%3gmVXTFT 4 feTFT 3 tffi— ©*l^^^*5Nf t*^-f^ ( 
NMOS) tbTfififcbTV^o 
H2 BfciaiBKfcVvr* TFT 1, T F T 2 ©P5 h y > fi&tfJH^O L 

^Eti^-r t *> ^ u < 4h > 0 s £ i w t mitm* oled ©i&®> S as t 

3^iE»Klfc09t-*^a6»cttft»r^/£«k^^TFT2*iaWffl«-C«^***© 
*<2*U\, NMOS©*£. IMWEmhStfSfcfcKLDD CLigh 

tly Doped Drain ) fc#-*W-C**#* C©*£LDDlwJ:*fi 
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«,t, MiIh7>^TFTltiifflii^y^TFT2 
PMOS \Z£ K>m&-?& - 

^^TFTKDKUOty-hW^^Oi:, TFT 1 OKI/ 

hfc«*««U TFT2©Y-H:»**©** 

C©H!2 7©H«C*V^^ s^ti«0 5©ia»s^t^«©i&^ n 

fc**UT. d(0H»C*^T%. TFTB*TFT4fcttR-*fctt** 
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